___Electron transfer is fundamental to chemical reactivity.
11, M = W(CO)
, M' = Ru(CO) 2 , R = H 12, M = Mo(CO) 3 , M' = Ru(CO) 2 , R = CH 3 Scheme 1. Tercyclopentadienyl complexes investigated in this work.
attached fulvalene (Fv) nuclei, [5] via the characteristic three-(~ 3 Hz) and four-bond (~ 1.7 Hz) couplings in CpMs, [5b,c] by the occurrence of 183 W satellite signals, by way of the distinctive hydride absorptions, and through 2D-NOESY, TOCSY, COSY, and (in the 2 case of rapid A/B exchange) EXSY experiments (vide infra). Corroborating 13 C NMR data were particularly advantageous, especially in confirming the metal connectivity of the CO ligands. [6] The IR absorptions for the pendant CO groups revealed the composite patterns reflective of the individual FvM-M ( ' ) and CpM ( ' ) pieces, including ion association for the alkali salts of the anions, [7] the local symmetry of which could be restored by conversion to their ammonium analogues. [8] ___While delocalized renditions of anion 1 and its congeners are conceivable, the spectral data indicate largely localized arrays. Nevertheless, some of the negative charge on the isolated CpM -segment appears to spread to the formally neutral neighbor, as evidenced by comparison with the properties of methylated relatives, e.g. 1-4, R = CH 3 , and 12. In particular, H1,6-11 in the anions resonate at higher field than in their methylated relatives by an average of 0.15 ppm, and the corresponding dinuclear metal carbonyl stretching frequencies are attenuated by an average of ~6 cm -1 . At the same time, charge depletion of the anionic center is indicated by more energetic CO bands (~11 cm -1 ) than those measured for free CpM(CO) 3 -.
[7b]
___To define conclusively the relationship of the metals in the anions and to probe whether there are structural consequences of this charge delocalization, especially for the metal-metal bond, X-ray crystallographic analyses were performed on 3-and 4-Na + •(THF) 5 . Their gross topologies were found to be almost identical to each other and to the known methylated 4 (R = CH 3 ), [3b] most notably marked by the anti-configuration of the terCp sequence. Indeed, both compounds crystallize in the same space group P2 1 (no. 4) and are isomorphous. Because of problems with the data set for the structural solution of 4, only 3 is described (Figure 1 ). ___We find that the systems investigated are in equilibrium between the two forms A and B, directly observable as such for 1-6 and 11, and/or approachable from one or both sides for 9, 10, and 12 (Table 2) . VT NMR experiments with the anions 1-4 revealed line broadening on warming, but, because of the onset of decomposition >80 ˚C, the complexity of the spectra, and the required exacting kinetic modeling, only 2 was quantified in this manner (Table 2 ). In as much as it is representative of the structurally very similar anion series, the small ∆S ‡ value suggests little overall additional order in the transition state of the exchange. In conjunction with a clean first order rate law and concentration independent rate, these data point to a strictly intramolecular process.
Kinetic data suitable for comparison within the series and with the rates reported for the intermolecular variants [2, 11] were readily accessible for 1-4 by EXSY spectroscopy (Table   2) , showing chemical exchange between six pairs of hydrogens, e.g., H2/H11, H3/H10, etc. (Scheme 1).
[12] These rates for 1 and 2 are solvent polarity independent (CH 3 CN, CH 2 Cl 2 , THF) and are unchanged (1) on adding up to a tenfold excess of NaBF 4 or using the pure Na + salt. The effective molarity k intra / k inter [11, 13] for the exchanges in 1 and 4 is ~10 5 and ~10 4 , respectively, consistent with their intramolecular nature. It also shows the absence of any unusual kinetic effects that might have been precipitated by the geometry of the systems. [14] ___The two extreme mechanistic possibilities for these electron transfer processes are nucleophilic substitution (either concerted or associative, perhaps with central Cp-ring slippage) and outer sphere single electron transfer. [1, 2] The latter would generate a dinuclear radical anion moiety, [15] which could equilibrate via an all-non-metal-metalbonded diradical anion [15c] or by the direct S RN displacement shown in Scheme 2. A distinction between these options is often difficult. [1, 2, 16] Table 2 show measurable effects of solvent polarity and the nature of the counter ion, absent in our systems. [17] Particularly relevant are cases in which the leaving group is the same, i.e.
Scheme 2. Electron transfer mechanism of anions 1-4.
k 1 /k 2f = 1.25 and k 3f /k 4 = 1.57, data that speak against direct nucleophilic displacement.
An associative mechanism with concurrent ring slippage [18] remains an option, however. [2a, c] SET appears most attractive, in particular because the trends in Table 2 follow those expected on the basis of redox potentials.
[15b] Subsequent metal-metal bond homolysis to an intermediate diradical anion (equivalent to metal-metal bond homolysis in the starting anion) seems energetically unattractive, considering our activation parameters (Table 2) , hence, we suggest the mechanism depicted in Scheme 2.
___The equilibrium data highlight the advantages of intramolecular exchange in 1 -4 in the estimation of (relative) bond strengths, because structural, solvation, and entropy effects, and the imponderables of electrochemical measurements [19] should effectively cancel. For this purpose, we relate thermochemically the anions to their corresponding radicals. Specifically, the difference ∆H o in metal-metal bond dissociation energies (BDE) in solution in going from A to B can be estimated from K (hence ∆G o ) of the anion equilibrium and the difference in the known oxidation potentials of the anionic fragments by Eq. (1).
[19]
The results (Table 2 ) indicate a W-W bond that is only ~ 2 kcal mol -1 stronger than MoMo, the mixed metal bond energy lying in between, as expected. [20] Turning to the literature on [CpM(CO) 3 ] 2 , the measured Mo-Mo BDE (32.5 kcal mol -1 ) [21a] appears reliable, [15a] however, that for W-W (56.0 kcal mol -1 ) [21b] has been queried repeatedly as being too high. [3c, 19c, 21c] Adopting the reasonable assumption that Fv intermetallic bonds are enthalpically equivalent to those in Cp dimers, certainly for lower triad metals, [22] we suggest 34.5 kcal mol -1 . Several control experiments support the validity of this approach. Thus, the ∆H o values for 5 and 6 [Eq. (2)] are exactly as expected, therefore negating the significance of any untoward anion effects (vide supra).
For example, and to illustrate our procedure, 21a] and BDE(Cr-Cr) 14.7 kcal mol -1 , [22] one would expect BDE(Cr-Mo) to be about 23.6 kcal mol -1 (the mean), i.e. a ∆H o ( 89.8, 85.5, 85.5, 83.5, 83.5, 83.4, 82.7, 82.2, 82.0, 81.9, 78.9 9, 208.4, 207.4, 207.3, 206.8, 111.8, 97.3, 94.8, 92.5, 89.6, 89.5, 87.8, 87.4, 87.2, 87.0, 85.5, 79.9, 79.6, 78.2, 76.1, 53.0 (t, J = 3. 224.0, 223.6, 206.2, 205.5, 202.03, 202.00, 103.1, 99.3, 98.3, 90.9, 88.1, 88.0, 86.9, 86.4, 86.3, 86.2 (2C) 
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